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Overexpression of the Escherichia coli phoA gene, coding for alkaline phosphatase (PhoA), on multicopy
plasmids caused a severe defect in the precursor processing (secretion) of PhoA, b-lactamase, and the outer
membrane protein OmpA. This secretion defect continued even after the repression of phoA expression,
indicating that protein secretion was irreversibly impaired in cells. Among the secretory proteins, only OmpA
gradually secreted posttranslationally. The inverted inner membrane vesicles prepared from cells with the
secretion defect showed appreciably reduced translocation activity in vitro. But the membrane vesicles retained
the ability to generate a proton motive force which, together with ATP, is essential as an energy source for the
efficient secretion of proteins in E. coli. An appreciable amount of incompletely translocated PhoA molecules
was detected in the inner membranes of cells with the secretion defect.

Alkaline phosphatase (PhoA), encoded by the phoA gene of
Escherichia coli, is a well-known periplasmic enzyme. The en-
zyme is synthesized as a precursor monomer with a signal
peptide at the amino-terminal end. After translocation into the
periplasmic space, the signal peptide is removed and two of the
resulting mature monomers dimerize, in the presence of four
Zn21 ions and two Mg21 ions, to produce an active enzyme
(10). The synthesis of PhoA is regulated by a two-component
regulatory system composed of the products of the phoB and
phoR genes (36). The expression of the phoA gene is induced
under phosphate-limited conditions, allowing regulated ex-
pression (33). The phoA gene has an efficient expression sys-
tem, as the PhoA protein represents 6% of the newly synthe-
sized protein after induction (33).
We cloned the phoA gene to make a secretion vector system

with the promoter and the signal sequence of phoA (39, 40).
During the study of the expression of the phoA gene on mul-
ticopy plasmids, we observed that about 80% of the phoA gene
product (the sum of the mature and the precursor forms of
PhoA) failed to be secreted and formed insoluble inclusion
bodies in the cytoplasm (9, 40). The accumulation of the pre-
cursor molecules in this manner in secretory-protein-overpro-
ducing E. coli has been reported for a periplasmic phosphate-
binding protein (23) and an outer membrane protein, OmpA
(5). Precursor accumulation of this type has commonly been
explained in terms of export site saturation: when a secretory
protein is produced above the secretion capacity of a cell, the
export site becomes saturated and the excess protein accumu-
lates in the cytoplasms of the cells as a precursor species (30).
We have recently shown that PhoA secretion can be en-

hanced greatly by mutations decreasing (and thus optimizing)
the synthetic rates of the phoA gene product (9). This is con-
trary to what the export site saturation model predicts: the
level of secretion should be at a plateau when the level of
expression increases beyond a certain point. This result sug-
gests that the overproduction of PhoA, even though it is a
normal secretory protein of E. coli, causes a secretion defect in
E. coli cells. These findings prompted us to investigate the

effects of PhoA overproduction in E. coli. Our data show that
the overproduction of the phoA gene product irreversibly im-
pairs the ability of the cells to secrete and suggest that the
defect is an event at the site of the inner membrane.
Effect of PhoA overproduction on the secretion kinetics of

PhoA, OmpA, and b-lactamase proteins. It has been previ-
ously demonstrated that the overproduction of the phoA gene
product by growing E. coli strains carrying a multicopy plasmid
containing the phoA gene in phosphate-limiting medium
caused the accumulation of the precursor form of the PhoA
protein in addition to its mature form (9). This defect was
evident after induction of phoA expression for more than 1 h.
About 80% of the newly synthesized PhoA protein localized in
the cytoplasm in a precursor form (9, 40). Similar results were
obtained when overproduction of the phoA gene product was
induced by growing E. coli strains carrying plasmid pHK152
(phoA under tacI control [3, 9]) in the presence of 0.1 mM
IPTG (isopropyl-b-D-thiogalactopyranoside), indicating that
the secretion defect does not depend on the expression system
employed (9). Plasmid pHK152 is a derivative of pUC18 car-
rying phoA under the control of the tacI promoter (3, 9).
To know the effect of PhoA overproduction on protein se-

cretion, the secretion kinetics of proteins were studied by
pulse-chase experiments and immunoprecipitations. E. coli
JM103 (38) carrying pHK152 was grown at 378C in M9 mini-
mal medium (22) supplemented with 10 mg of thiamine per ml
and 50 mg of each amino acid except L-methionine per ml.
When the optical density of the culture at 550 nm reached 0.2,
the expression of the multicopy phoA gene from the tacI pro-
moter was induced by the addition of 0.1 mM IPTG. The
induction was continued for 1 h. Before the secretion kinetics
were measured, the expression of phoA on the multicopy plas-
mid pHK152 was reduced to the level of uninduced cells by
growing cells in fresh M9 minimal medium without IPTG for
another 30 min because we wanted to examine the secretion
defect at the normal level of production of PhoA. The postin-
cubation period was indeed sufficient to reduce the level of
expression of the phoA gene of the induced cells to that of the
uninduced cells as evidenced in Fig. 1A (compare the levels of
incorporation of L-[35S]methionine into PhoA proteins in
IPTG-induced and uninduced cells). After a postincubation
period of 30 min, the cells were labeled with 20 mCi of
L-[35S]methionine (1,000 Ci/mmol; Amersham) per ml for 30 s.
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Chase with unlabeled L-methionine was done by the addition
of 100 mg of L-methionine per ml. The pulse-chase samples
were immediately precipitated with trichloroacetic acid. The
resultant precipitates were solubilized and divided into three
portions, and each aliquot was immunoprecipitated with an
appropriate antiserum as described previously (7). The pro-
teins tested were the outer membrane protein OmpA and the
periplasmic proteins PhoA and b-lactamase (Bla). PhoA and
Bla are encoded by plasmid pHK152. Antiserum against Bla
has been described (8). Antiserum against OmpA was gener-
ously provided by S. Mizushima, Institute of Molecular and
Cellular Biosciences, University of Tokyo. Antiserum against
PhoA has been described (9). IgGsorb (Enzyme Center Inc.,

Malden, Mass.) was used to collect the immune complex that
formed. Immunoprecipitated polypeptides were analyzed by
sodium dodecyl sulfate (SDS)-polyacrylamide gel electro-
phoresis (13) and fluorography. The fraction of each polypep-
tide in its mature form was calculated following the quantifi-
cation of mature and precursor proteins with an automatic
computing densitometer (model AD-18; Gelman Sciences,
Inc., Ann Arbor, Mich.). At the time of pulse-labeling, the
optical densities of the induced culture and the uninduced
culture at 550 nm were 0.60 and 0.68, respectively. The sam-
pling volumes for the induced culture and for the uninduced
culture were 0.34 and 0.30 ml, respectively. Thus, we can com-
pare the levels of incorporation of label into a protein in
samples containing the same amount of cells. The growth rate
of the induced cells, as evidenced by the incorporation of label
into an acid-insoluble fraction, was about one-half of that of
the uninduced cells at the time of pulse-labeling (data not
shown), indicating that induction of the multicopy phoA gene
for 1 h caused a growth defect. As shown in Fig. 1A, all three
proteins tested were rapidly and efficiently secreted in cells
grown in the absence of IPTG, as indicated by the finding that
the great majority of proteins precipitated at the 0-min chase
points were found in their mature forms. However, in the
IPTG-induced cells, all proteins tested exhibited a defect in
signal sequence processing. About 90% of the newly synthe-
sized proteins were found in their precursor forms at the 0-min
chase points, exhibiting an obvious secretion defect (Fig. 1B).
This defect was most pronounced with the PhoA and Bla
proteins. Even at the longer chase times, the majority of the
PhoA and Bla proteins remained in their precursor forms,
indicating that the secretion of these proteins was impaired
irreversibly in the IPTG-induced cells. In marked contrast,
OmpA protein was secreted and processed posttranslationally
(62% of the protein was processed at 20 min).
It should be noted that OmpA was expressed at an appre-

ciably higher level in the induced culture than in the uninduced
culture, while Bla was expressed at a rate roughly proportional
to the growth rate (Fig. 1A). Further experiments are needed
to define the nature of the increased expression of OmpA in
the induced culture.
Translocation assay with membrane vesicles isolated from

cells with the secretion defect. To localize the site of the se-
cretion defect caused by the overproduction of PhoA, we iso-
lated inverted E. coli membrane vesicles from strain JM103
(38) carrying pKI-5 grown under the phosphate-limited condi-
tion for 1 h, during which time a severe defect in protein
secretion like that shown in Fig. 1 was observed (data not
shown). Plasmid pKI-5 is a derivative of pBR322 carrying the
phoA gene (9). Induction by phosphate limitation was em-
ployed in this case because, for an unknown reason, sufficient
expression of PhoA was not obtained by induction from the
tacI promoter, with 0.1 or 1 mM IPTG, when the culture
volume was increased to 1 liter to isolate inverted membranes.
As a control, we used inverted membrane vesicles prepared
from strain JM103 carrying pBR322 grown under the phos-
phate-limited condition for 1 h. In this case, the expression of
a single chromosomal copy of the phoA gene was induced. To
induce the expression of phoA from its own promoter, medium
121 (9) supplemented with 100 mg of L-leucine per ml and with
either 0.64 mM sodium phosphate (referred to as high-phos-
phate medium) or 0.064 mM sodium phosphate (referred to as
low-phosphate medium) was used. For the expression of PhoA,
E. coli cells grown in the high-phosphate medium until the
optical density at 550 nm reached 0.4 were transferred to the
low-phosphate medium and incubated for 1 h at 378C. Then,
purified inverted membrane vesicles were prepared from E.

FIG. 1. Secretion kinetics of proteins in cells after induction of multicopy
phoA. (A) Cells of strain JM103 carrying pHK152 were grown in M9 minimal
medium (10 ml) (22) supplemented with 10 mg of thiamine per ml and 50 mg of
each amino acid except L-methionine per ml. When the optical density at 550 nm
reached 0.2, IPTG was added to a final concentration of 0.1 mM (in lanes 1 to
7) or was not added (lanes 8 to 14). After 1 h, the cells were collected and
transferred to fresh M9 minimal medium without IPTG and growth was contin-
ued for another 30 min. The cells were then pulse-labeled with L-[35S]methionine
for 30 s and chased with excess unlabeled methionine. At the indicated time
points, the samples were removed, the chase was terminated, the protein prod-
ucts were divided into three portions, and each aliquot was immunoprecipitated
with an appropriate antiserum and analyzed by SDS-polyacrylamide gel electro-
phoresis and fluorography. The positions of the precursor (p) and mature form
(m) of each protein species are indicated at the right. (B) The secretion kinetics
(percentages processed) of OmpA (E), PhoA (■), and Bla (å) after the induc-
tion of multicopy phoA were measured by quantitating the intensities of bands
corresponding to the precursor and the mature forms of these proteins in the
fluorograms in lanes 1 to 7 in panel A with an automatic computing densitometer
(model AD-18; Gelman Sciences, Inc.).
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coli according to the method of Yamada et al. (35). Briefly,
spheroplasts formed in the presence of lysozyme, EDTA, and
sucrose were passed through a French pressure cell, and the
inverted membrane vesicles formed were fractionated by
isopycnic sucrose gradient centrifugation. The relative activi-
ties of NADH oxidase in the fractions were determined as
described previously (11), and the fraction showing the highest
relative activity was used as purified inverted membrane vesi-
cles. The amount of membrane vesicles was expressed as that
of protein, which was determined by the method of Lowry et al.
(16). These membrane vesicles were then tested for the ability
to translocate proteins by using an in vitro translocation system
with a model substrate, cleavable OmpF-Lpp (37).
In vitro transcription of the gene for cleavable OmpF-Lpp

was performed with SP6 RNA polymerase by using HindIII-
digested plasmid pK105 as a template as previously described
(37). The translation reaction was carried out with S100 frac-
tion (the 100,000 3 g supernatant of E. coli cell lysate) pre-
pared from E. coli K003 (Lpp2 DuncB-C-Tn10) in the pres-
ence of L-[35S]methionine (specific activity, 1,000 Ci/mmol) as
previously described (35). Plasmid pK105 carried an ompF-lpp
chimeric gene that codes for a cleavable signal sequence-con-
taining OmpF-Lpp chimeric protein under the control of the
SP6 promoter (37). E. coli K003 and plasmid pK105 were
generous gifts of S. Mizushima. The translocation reaction was
carried out as described previously (35) with the inverted mem-
brane vesicles purified as described above. The reaction mix-
ture was then treated with proteinase K (Boehringer Mann-
heim), and the translocated protein, which was proteinase K
resistant, was detected on SDS-polyacrylamide gels by fluorog-
raphy. The amounts of protein in the individual bands on gels
were estimated densitometrically with an automatic computing
densitometer (model AD-18; Gelman Sciences, Inc.). The ef-
ficiency of translocation was estimated from the intensities, on
fluorograms, of protein bands before and after the proteinase
K treatment. For the estimation, the numbers of methionine
residues in the precursor and the mature forms of the secretory
proteins were taken into consideration as described previously
(35). Figure 2 shows that the translocation activity of inverted
membrane vesicles isolated from cells after overproduction of
PhoA was reduced appreciably (lane 6). Quantification of the
autoradiograms showed that the vesicles possessed 10% of the
translocation activity of membrane vesicles prepared from cells
carrying only a single chromosomal copy of the phoA gene,
grown under identical conditions (Fig. 2, lane 3). This defect
was also observed when uncleavable OmpF-Lpp (37) was used

as a substrate (data not shown). These results suggest that the
secretion defect is an event at the site of the inner membrane.
It has been well established that both ATP and a proton

motive force (Dm̃H1) are required for protein secretion in E.
coli cells, even though the extent of the requirement for Dm̃H1

varies with the proteins tested (35). As the inner membrane
vesicles prepared from the PhoA-overproducing cells showed
reduced secretion ability, there is a possibility that the ability of
the membrane to generate Dm̃H1 has been lost in the cells with
the secretion defect. To test this, the ability of these membrane
vesicles to generate DC and DpH, which together constitute
Dm̃H1, was examined with oxonol V and quinacrine as fluo-
rescence probes, respectively, essentially as described previ-
ously (35). The results showed that the levels of both DC and
DpH produced by the membrane vesicles prepared from the
cells induced by multicopy phoA were comparable to the levels
produced by the membrane vesicles prepared from the cells
induced by single-copy phoA (data not shown). This suggests
that some function of the inner membrane, other than the
generation of Dm̃H1, was impaired in the inner membranes of
the cells with the secretion defect.
Accumulation of the precursor and mature forms of PhoA in

the inner membranes of cells with the secretion defect. Several
studies involving fusions between a secretory protein and a
cytoplasmic protein showed that the secretion defect is accom-
panied by the accumulation of the fusion protein in the inner
membrane (27, 32). To determine whether such molecules
could be detected in the inner membrane vesicles, the proteins
of these membranes were analyzed by Western blotting (im-
munoblotting) with an anti-PhoA antiserum. It should be
noted that after the overproduction of PhoA, the majority of
molecules of the precursor form accumulated in the cytoplasm
while the majority of molecules of the mature form accumu-
lated in the periplasm (9, 40).
E. coli PhoA is synthesized as a precursor monomer with a

signal peptide at the N terminus. After translocation into the
periplasmic space, the signal peptide is removed, the disulfide
bonds are formed with the aid of DsbA (1), and two of the
mature monomers dimerize, in the presence of four Zn21 ions
and two Mg21 ions, to yield an active enzyme (2, 10). The
dimerization of the monomers is absolutely required for the
enzyme activity, and it occurs only when the monomers are
secreted into the periplasm (2, 18). Additionally, the dimer,
once formed, is highly resistant to detergents, reductants, and
proteolytic enzymes. Experimentally, it retains almost full ac-
tivity even in the presence of 5% (wt/vol) SDS or 4% (vol/vol)
b-mercaptoethanol (19). Usually, heat treatment of the en-
zyme—incubation at 958C for more than 10 min— is necessary
to dissociate the dimer into monomers. For refined analysis of
the PhoA molecules in the inner membranes, we made use of
these special features of PhoA.
Figure 3 shows the results of Western blotting, with a rabbit

anti-PhoA antiserum, of the inner membrane proteins (20 mg)
prepared from cells 1 h after expression of multicopy or single-
copy phoA as described in the legend to Fig. 2. Before SDS-
polyacrylamide gel electrophoresis, the membrane samples ei-
ther were heated at 958C for 10 min in the Laemmli sample
buffer (13) or were not heated. After SDS-polyacrylamide gel
electrophoresis, the gel was incubated at 908C for 3 min in 50
mM Tris-HCl (pH 8.3) buffer containing 1% SDS and 4%
b-mercaptoethanol and was washed twice by incubation at
308C for 30 min in a transfer buffer (20 mM Tris-HCl [pH 8.3],
154 mM glycine, 0.1% SDS, 20% methanol). These steps were
necessary to transfer the proteins, corresponding to the PhoA
dimer, to a nitrocellulose filter. The gel was then subjected to

FIG. 2. Translocation assay with membrane vesicles isolated from cells upon
overproduction of PhoA. Expression of the phoA gene in E. coli JM103(pBR322)
and JM103(pKI-5) was induced in low-phosphate medium. After 1 h, the cells
were harvested, and purified inverted membrane vesicles were prepared. Vesi-
cles from JM103(pBR322) (lanes 2 to 4) and from JM103(pKI-5) (lanes 5 to 7)
were then subjected to a protein translocation assay with cleavable OmpF-Lpp
(37). Lane 1 contained no membrane vesicles. After translocation, the samples
for lanes 3, 4, 6, and 7 were treated with proteinase K in the presence (lanes 4
and 7) or absence (lanes 3 and 6) of 1% Triton X-100. All samples were then
analyzed by polyacrylamide gel electrophoresis and subsequent fluorography.
The positions of the precursor (p) and mature form (m) of cleavable OmpF-Lpp
are indicated at the right.
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Western blotting with a rabbit anti-PhoA antiserum, as de-
scribed previously (9). The specificity of the antiserum used
was checked with a cell lysate of E. coli YK537 (phoA8 [9])
grown in low-phosphate medium. The dimer form of PhoA is
found in the membrane vesicles prepared from the cells 1 h
after the expression of single-copy or multicopy phoA (Fig. 3,
lanes 4 to 6). These PhoA dimers in the periplasm must have
been trapped in the inverted membrane vesicles when the
inverted membrane vesicles were formed from the inner mem-
brane on a French pressure cell. Triplet bands of PhoA dimers
represent isozymes generated by the trimming of the N-termi-
nal arginine residues presumably catalyzed by the iap gene
product (6). When the samples were heated before electro-
phoresis, these PhoA dimers disappeared, leaving mature
monomers (Fig. 3, lanes 1 to 3). These results are consistent
with the previous results showing that the PhoA dimer is re-
sistant to detergents and reductant and that heat treatment is
necessary to dissociate the dimer into the monomers (19). In
marked contrast, the mature monomer and the precursor were
detected only in membrane vesicles prepared from the cells
with the secretion defect (Fig. 3, lane 6). Even when five times
as much sample as that in lane 5 of Fig. 3 was loaded in a lane,
we could not detect the monomer forms of PhoA in membrane
vesicles from the cells that produce PhoA at a normal level
(data not shown). Considering the detection limit on the West-
ern blot as evidenced by experiments with purified PhoA as a
standard (data not shown), the monomer forms of PhoA con-
tained in the membrane vesicles from cells of the strain that
produces PhoA at a normal level are less than 1/40 of those in
the vesicles from the strain that overproduces PhoA. The num-
ber of these molecules (the precursor and the mature mono-
mers) in the inner membranes of the cells with the secretion
defect was estimated, by Western blotting with purified PhoA

protein as a standard (data not shown), to be about 600 mol-
ecules per single cell (20).
We then examined if these PhoA molecules, accumulated in

the inner membrane of the cells with the secretion defect,
could translocate within the membrane posttranslationally by
incubating the inner membrane vesicles in the presence of
ATP and NADH. Even when the membrane vesicles were
incubated in the presence of ATP and NADH, we could not
detect any change in the amount of the mature monomer on
the precursor (data not shown). This suggests that PhoA mol-
ecules, once they accumulated in the inner membrane, could
not be translocated posttranslationally.
The results reported above show that the overproduction of

PhoA, even though it is a normal secretory protein of E. coli,
impairs the ability of cells to secrete and suggest that the
secretion defect is an event at the site of the inner membrane.
A similar defect in protein secretion has been reported for cells
synthesizing fusions between a secretory protein and a cyto-
plasmic protein, e.g., b-galactosidase (LacZ) fusions (26, 31).
In such cells the LacZ fusion was observed to accumulate in
the cytoplasmic membrane (27, 32), and the secretion defect
has been explained in terms of the secretion incompatibility of
the LacZ moiety (14). The secretion initiated by the signal in
the secretory protein moiety of the fusion protein is inter-
rupted by the LacZ moiety, resulting in the jamming of the
secretion pathway. Then why does the overproduction of
PhoA, a normal secretory protein of E. coli, cause a secretion
defect? At present we have no absolute answer to this ques-
tion. There is a possibility that the continuous inflow of protein
molecules to be secreted is inhibitory at the translocation site
(21) and somehow causes jamming. Indeed, we detected pre-
cursor and mature monomer forms of PhoA in the inner mem-
brane vesicles of the cells with the secretion defect. The num-
ber of these molecules per single cell was estimated to be about
600. This agrees roughly with the formerly estimated number
for the translocation machinery existing in one E. coli cell (20).
Thus, these PhoA molecules may be trapped at the transloca-
tion site. Further experiments are necessary to confirm this
point.
Our present results, together with our results reported pre-

viously (9), show that synthesis of PhoA above a certain level
is required to cause the secretion defect. Relationships be-
tween the level of protein synthesis and secretion, such as this,
have been described. Shiba et al. (29) and Lee and Beckwith
(15) have characterized several suppressors of a secA(Ts) or a
secY(Ts) mutant and have shown that they are the mutations in
genes involved in or affecting protein synthesis. Lee and Beck-
with (15) showed that a very low concentration of chloram-
phenicol, which does not stop but does slow down protein
synthesis, can suppress the temperature sensitivity and secre-
tion defect of a secY(Ts) mutant and the cold sensitivity and
secretion defect of a secD(Cs) mutant. Freudl et al. (4) showed
that two nonsecretory proteins, dihydrofolate reductase and
b-galactosidase could be translocated across the plasma mem-
brane of E. coli with the aid of the signal sequence of pro-
OmpA only when the amounts synthesized were sufficiently
small. These results suggest that the secretion defect can occur
at different levels of protein production depending on both the
secretion capacity of the cell and the protein produced,
whether it is a normal secretory protein or a fusion between a
secretory and a cytoplasmic protein.
The present in vivo studies show that the extent of the

secretion defect differed with the protein tested; upon over-
production of PhoA, the secretion of PhoA and Bla was abol-
ished almost completely whereas OmpA secreted posttransla-
tionally. The difference in the extent of the secretion defect

FIG. 3. Accumulation of precursor and mature PhoA molecules in inner
membrane vesicles. Membrane vesicles were prepared from cells 1 h after the
induction of a multicopy or single-copy phoA gene as described in the legend to
Fig. 2. PhoA protein (20 mg) in the inner membrane vesicles was examined by
Western blotting with a rabbit anti-PhoA antiserum. Lanes 2 and 5 contain
membrane vesicles from JM103(pBR322); lanes 3 and 6 contain membrane
vesicles from JM103(pKI-5). Lanes 1 and 4 contain purified PhoA (0.2 mg) as a
control. Before electrophoresis, samples were not incubated (native) or were
incubated at 958C for 10 min (denatured) in Laemmli sample buffer (13). The
positions of marker proteins are indicated on the left (in kilodaltons). The
positions of the PhoA dimer, precursor, and mature monomer are indicated on
the right. Bands migrating at 66 and 45 kDa in the denatured samples (lanes 2
and 3) are from nonspecific proteins. Bands at 68 kDa in the native samples
(lanes 5 and 6) and at 46 kDa in the multicopy samples (lanes 3 and 6) are
derived from the proteolytic degradation of PhoA. The specificity of the anti-
serum was checked with the cell lysate of E. coli YK537 (phoA8 [9]) grown in
low-phosphate medium.
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might be correlated with the different preferences (of each
preprotein) for chaperonic factors. From some studies (17, 24,
34) it appears that the secretion of PhoA and Bla involves Ffh
(P48) and 4.5S RNA, which together constitute a signal rec-
ognition particle-like complex in E. coli (25, 28). In contrast,
the secretion of OmpA involves SecB (12, 28). Since in vivo
results (Fig. 1) show that a small portion (about 10%) of the
newly synthesized PhoA and Bla proteins was secreted even
after the overproduction of PhoA, it is possible that most, but
not all, of the translocation sites were impaired (some trans-
location sites still remained intact) after the overproduction of
PhoA and that pro-OmpA, which might somehow remain com-
petent for secretion possibly by the SecB function, was trans-
located posttranslationally through some translocation sites
which remained intact.
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